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(54) ELECTROLESS PLATING BATH 

(57)Abstract: 

PURPOSE: To provide the electroless plating bath which has high plating speed and enables to form the plated 
film with high phosphorus contents. 

CONSTITUTION: This electroless plating bath consists of nickel ion, the reducing agent to reduce the nickel 
ion, at least one of malonic acid, hydroxycarboxylic acid, polyamine, amino acid, or salts thereof as the 
complexing agent to complex the nickel ion, and lead compd. and sulfate as addition agents. Because of the 
corporative reaction of the complexing agent and the addition agent, plating speed is allowed to increase and 
the plated film with high phosphorus content is obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The nonelectrolytic plating bath which is a plating bath for carrying out nonelectrolytic plating of the 
nickel alloy containing Lynn, and is characterized by consisting of at least one sort in the malonic acid as the 
reducing agent for returning nickel ion and nickel ion, and a complexing agent for complexing nickel ion, 
hydroxycarboxylic acid, polyamine, amino acid, or those salts, a lead compound, and a sulfate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the nonelectrolytic plating bath for forming the coat which 
consists of a nickel alloy containing Lynn in front faces, such as a metallic material and a nonmetal material. 
[0002] 

[Description of the Prior Art] In order to give properties, such as corrosion resistance and abrasion resistance, 
to a metallic material, a nonmetal material, etc. , covering the nickel alloy coat containing a lot of Lynn with 
plating on a front face is made. Especially the nonelectrolytic plating that does not use electrical energy has the 
merit that direct plating can be performed also to up to a nonconductor side while forming a uniform coat. 
[0003] This nonelectrolytic plating covers the coat which consists of a nickel-Lynn alloy on the surface of a 
plated object by immersing plated objects, such as a metallic material and a nonmetal material, in the plating 
bath which consists of nickel ion and a reducing agent for returning this nickel ion. 

[0004] Hereafter, the reaction of nonelectrolytic plating is explained. Although various kinds of things are used 
for the reducing agent under nonelectrolytic plating bath, the example using the hypophosphorous acid or 
hypophosphite currently generally used from viewpoints, such as economical efficiency and the stability of a 
bath, is explained. The plating reaction in this case is shown by formula (1) - (4). 

[0005] Anode reaction (1) PH2 02-+H2 0>PH2 03-+2H++2e cathode reaction (2) nickel2++2 e->nickel (main 
reaction) 

(3) PH2 02-+2H++e->P+2H2 O (side reaction) 

(4) 2H++2 e->H2 (side reaction) 

[0006] If an anode reaction advances by the formula (1) and a cathode reaction advances by the formula (2) and 
(3) on the plated object front face under plating bath among this formula, the plating coat which the amount of 
Lynn becomes from the nickel-Lynn alloy which is about 2-15% will be obtained (mixed potential theory). The 
polarization curve of the anode reaction and cathode reaction based on this mixed potential theory is shown in 
drawing 1 . The coordinate of (1) on a polarization curve and the intersection of (2) reactions is the plating rate 
V0. And plating potential E0 It becomes. 

[0007] Usually, the plating rate of non-electrolyzed nickel plating is less than [ of the plating rate of electric 
nickel plating / 1/several ], and development of the bath in which high-speed plating is more possible is 
desired. Moreover, the high plating coat of 11.5% of the weight or more of the Lynn content is nonmagnetic, 
the amount of Lynn has the advantage that corrosion resistance and abrasion resistance are high, and it is 
necessary to make pH into the low value of 4-5 for this high Lynn content plating coat formation. However, 
when pH is made low, there is a problem that a plating rate becomes small. 

[0008] For this reason, the method of raising a plating rate is considered variously as follows, (b) (**) which 
increases the rate of an anode reaction — consider increasing the rate of anode (Ha) and cathode both the 
reactions that increase the rate of a cathode reaction. 

[0009] First, to the approach of increasing the rate of the anode reaction of (b), it is possible to make high 
concentration of the hypophosphorous acid ion of a under [ a bath ]. However, since reactions other than a 
desired deposit side become easy for hypophosphorous acid ion to occur in high concentration and a bath 
becomes unstable, there is a limitation in the concentration of hypophosphorous acid ion. Usually, as 
concentration of hypophosphorous acid ion, 0.5 mols/about 1 are limits. 

[0010] Moreover, it is H+ so that clearly from a formula (1). Although making concentration of ion low and also 
making a reaction rate increase is considered, as shown in a formula (3) in this case, the Lynn content in a 
plating coat falls and membraneous quality deteriorates. Reactions other than a desired deposit side 
furthermore become easy to occur, and a bath becomes unstable. Therefore, a with a pH of five or less acid 



^ field usually serves ' as a limitation. 

[0011] If the plating bath for forming the nonmagnetic coat for following, for example, supporting the magnetic 
substance of a magnetic-disk substrate carries out Lynn concentration to 11.5% of the weight or more, as for a 
plating rate, 10 micrometer/hr extent will turn into a limit. 

[0012] Next, as an approach of increasing the rate of the cathode reaction of (b), it is possible to make 
concentration of the nickel ion of a under [ a bath ] high. However, even if it raises the concentration of nickel 
ion beyond a certain limit, a cathode reaction does not increase, but since it becomes less economical, as for 
the concentration of nickel ion, 0.2 mols/about 1 are usually limits. 

[0013] Moreover, a complexing agent which the reaction of a formula (2) promotes is used from changing 
greatly with classes of complexing agent made to have complexed so that a cathode reaction may not settle 
nickel ion. For example, if the complexing agent which forms nickel ion, such as EDTA and DTPA, and a stable 
complex is added to a bath, since the reaction rate of a formula (2) becomes extremely small, it is not desirable. 
Moreover, although monocarboxylic acid, such as an acetic acid and a formic acid, enlarges the reaction rate of 
a formula (2), the Lynn content in a coat will be reduced. On the other hand, since a malonic acid, 
hydroxycarboxylic acid, polyamine, amino acid, etc. form nickel ion and a complex with moderate stability, they 
can enlarge a plating rate, and they can also make Lynn content high. However, compared with EDTA, DTPA, 
etc., a bath becomes unstable. Although stabilizers, such as a lead compound, are added in order to cancel the 
instability of this bath, a stabilizer deposits preferentially into parts other than a desired deposit side, and by 
working as negative catalysis of the reaction of a formula (1), this stabilizer does not stabilize a bath and does 
not raise a plating rate. For example, when a lead compound is used as a stabilizer, if the addition and plating 
rate of a lead compound have negative correlation and the addition of a lead compound is made to increase, a 
plating rate falls, when extreme, a deposit of nickel may not take place partially, or a deposit of nickel may not 
take place at all. Therefore, a stabilizer is usually used by the concentration of several ppm or less. 
[0014] Next, as an approach of increasing the rate of the anode of (Ha), and both the reactions of a cathode, it 
is possible to raise plating temperature. However, the boiling temperature of plating bath liquid is a limitation, 
and evaporation of moisture increases and it is not much hard coming to operate it at an elevated temperature 
by actuation under the usual atmospheric pressure. Therefore, about 95 degrees C is usually a limit. 
[0015] 

[Problem(s) to be Solved by the Invention] Thus, while a plating rate improves by the conventional 

nonelectrolytic plating method, it is difficult to raise the Lynn content of a plating coat. 

[0016] This invention is made in view of the trouble of the above-mentioned conventional technique, and aims 

at offering the nonelectrolytic plating bath in which a plating rate can form the high plating coat of the Lynn 

content highly. 

[0017] 

[Means for Solving the Problem] This invention is a plating bath for carrying out nonelectrolytic plating of the 
nickel alloy containing Lynn, and is a nonelectrolytic plating bath characterized by consisting of at least one 
sort in the malonic acid as the reducing agent for returning nickel ion and nickel ion, and a complexing agent 
for complexing nickel ion, hydroxycarboxylic acid, polyamine, amino acid, or those salts, a lead compound, and 
a sulfate. 
[0018] 

[Function] According to this invention, at least one sort in a malonic acid, hydroxycarboxylic acid, polyamine, 
amino acid, or those salts is used as a complexing agent, and while a plating rate improves by adding a lead 
compound and a sulfate as an additive to a plating bath, the high plating coat of the Lynn content can be 
formed. Although this reason is not clear, it is guessed as follows. 

[0019] First, since a cathode reaction is promoted as shown in drawing 2 , the bath containing the above- 
mentioned complexing agent has a large plating rate. However, since the inclination of a bath which becomes 
unstable is strong, when it is going to make [ many / as possible ] the addition of the reducing agent of nickel 
ion and is going to raise a plating rate, a lead compound commits it as a stabilizer. Thereby, reactions other 
than a desired deposit side can be controlled. 

[0020] However, since an anode reaction side becomes rate-limiting even if it does in this way and raises a 
plating rate, there is a limitation in improvement in a plating rate. It is thought that the sulfate further added as 
an additive promotes an anode reaction here. That is, since a sulfate has the catalysis of the anode reaction 
(the above-mentioned formula (1)) by the reducing agent of nickel ion in the nickel surface of metal which 
deposits, it is thought that a plating rate improves. 

[0021] As the above-mentioned inference is shown in drawing 3 , he can understand a sulfate addition bath 
from the fact that the potential of a deposit nickel surface of metal is ** compared with a sulfate additive-free 



bath/ Moreover, in order to work preferentially in the nickel surface of metal which deposited rather than the 
interior of plating liquid, the catalysis of such a sulfate of the stability of the plating liquid of a sulfate addition 
bath is good compared with an additive-free case, nickel does not deposit in **** or nickel does not carry out 
the reduction deposit of it inside plating liquid. 
[0022] 

[Effect of the Invention] Highly, a plating rate can form the high plating coat of the Lynn content, and, 

moreover, the nonelectrolytic plating bath of this invention excels [ rate ] in bath stability. 

[0023] 

[Example] Hereafter, the example which made this invention more concrete is explained. 
[0024] (Example) The nonelectrolytic plating bath of this invention consists of nickel ion, the reducing agent for 
returning nickel ion, a malonic acid, hydroxycarboxylic acid, polyamine and amino acid or the complexing agent 
that consists of at least one sort in those salts, a lead compound, and a sulfate. 

[0025] As a source of supply of nickel ion, various kinds of nickel salt, for example, nickel hydroxide, nickel 
carbonate, a nickel sulfate, a nickel chloride, nickel amiosulfonate, ammonium nickel sulfate, etc. can be used. 
As the concentration, the range of 0.02-0.2 mols/1. is desirable as nickel2+ ion. Since the plating rate is small 
in less than 0.02 mols/L, it is not practical. Moreover, since a plating rate does not increase even if it exceeds 
1. in 0.2 mols /, it is not economical. 

[0026] In addition, the compound ion which contains transition metals, such as transition-metals ion, such as 
Cu, Mn, little Zn, little Re, etc., or a tungstic acid, and a molybdic acid, besides nickel ion as a metal ion may 
be included. Electrical characteristics, a magnetic property, etc. of a plating coat can be changed by carrying 
out an eutectoid to nickel by using these ion as a metal. 

[0027] As a reducing agent of nickel ion, although various kinds of things can be used, since hypophosphorous 
acid (HPH 202) or hypophosphite is the reduction which is generally easy to come to hand and is easy to carry 
out the eutectoid of the P into nickel coat, it is desirable. As hypophosphite, the salt of the fusibility of sodium 
hypophosphite (NaPH 202), a hypophosphorous acid potassium (KPH 202), calcium hypophosphite (calcium2 
(PH 202)), etc. is mentioned. 

[0028] As concentration of this reducing agent, the range of 0.02-0.5 mols/1. is desirable. When a plating rate 
is small in less than 0.02 mols/1. and 1. is exceeded in 0.5 mols /, there is a possibility that a bath may become 
unstable. 

[0029] Nickel is made to exist in the form of nickel2+ ion, and a complexing agent is nickel (OH)2. It is for 
preventing precipitate. In this invention, at least one sort in a malonic acid, hydroxycarboxylic acid, polyamine, 
amino acid, or those salts is used as a complexing agent. As dicarboxylic acid other than a malonic acid, 
although there are an amber acid, boletic acid, a maleic acid, etc., these have the small reaction rate of a 
formula (2). Moreover, although generally added and used for other complexing agents as a mixed complexing 
agent bath, since the Lynn content of a sludge is low in a plating rate being small even if it adds a sulfate, it is 
unsuitable. Moreover, as hydroxycarboxylic acid, a glycolic acid, a lactic acid, an apple acid, a citric acid, a 
gluconic acid, etc. are mentioned, as polyamine, ethylenediamine, diethylenetriamine, triethylenetetramine, 
tetraethylenepent amine, pentaethylenehexamine, etc. are mentioned and imino 2 acetic acid, a glycine, an 
alanine, glutamic acid, an aspartic acid, etc. are mentioned as amino acid. Moreover, the salt of fusibility can 
also be used for water, such as salts, such as sodium of the above-mentioned malonic acid, hydroxycarboxylic 
acid, and amino acid, a potassium, and ammonium, or a sulfate of polyamine, and a hydrochloride. 
[0030] As concentration of this complexing agent, it is the range of 0.02-1.0 mols/L, and, moreover, the 
nickel2+ ion under plating bath and more than equimolar are desirable. When lower than the mol concentration 
of less than 0.02 mols [1. ] /or nickel2+ ion, nickel is nickel (OH)2. There is a possibility that it becomes a 
hydroxide, and it may become easy to precipitate and a bath may become unstable. Moreover, when 1. is 
exceeded in 1.0 mols /, while it is uneconomical, the deposit reaction of the nickel of the above-mentioned 
formula (2) is controlled too much, and there is a possibility that a plating rate may fall. 
[0031] Inorganic [ of fusibility ] or an organic compound can be used as a lead compound. Although lead 
acetate, formic-acid lead, etc. are mentioned and cay sulfamic acid lead, lead chloride, lead-nitrate, lead, etc. 
fluoride is mentioned as an inorganic compound as an organic compound, since solubility is large, it is desirable 
to use lead acetate and a lead nitrate. 

[0032] As concentration of a lead compound, it is good to make it become the range of 0.1-2.0 ppm as Pb. In 
less than 0.01 ppm, the stabilization effect of the plating bath by lead compound addition is hard to be 
acquired. Moreover, if 2.0 ppm is exceeded, the non-deposited section of nickel may appear or plating may not 
deposit at all. 

[0033] As a sulfate, the fusibility salt of the sulfate of an ammonium sulfate (NH4) (2 S04) or alkali metal, and 



alkaline .earth metal' is mentioned. For example, as a fusibility salt of the sulfate of alkali metal and an alkaline 
earth metal, lithium sulfate (Li2 S04 and H2 O), a sodium sulfate (Na2 S04), potassium sulfate (K2 S04), 
cesium sulfate (Cs2 S04), magnesium sulfate (MgS04), etc. are mentioned. Since the amount of ammonia 
volatilizes, pH falls during plating actuation, a plating rate decreases, or ammonia forms nickel ion and a 
complex and fusibility salts other than an ammonium sulfate do not control the reaction of a formula (2), they 
are [ among these ] desirable. 

[0034] As concentration of this sulfate,l. is desirable in 0.05 mols /or more. There is little improvement 
effectiveness of a plating rate in less than 0.05 mols/1., and it is not practical. 

[0035] The plating bath of this invention may add a surfactant, a stress reducer, a buffer for pH, etc. in 
addition to the above-mentioned component. 

[0036] A surfactant is H2 which improves wettability with a plated object and is generated by side reaction. It is 
for promoting balking of the air bubbles of gas and preventing the defect of a pinhole etc., and minute amount 
addition may be carried out. If optimum dose addition of this surface active agent, especially the cationic 
surface active agent is carried out, the Lynn content can be made to increase without seldom lowering a plating 
rate. 

[0037] Moreover, if the internal stress of a plating coat is high, in order to become a weak hard coat, or for 
adhesion with a base to fall and to decrease this, minute amount addition of the stress reducer may be carried 
out. As this stress reducer, saccharin, 1 and 5 naphthalene disulfon acid sodium, 1, 3, 6 naphthalene tris 
RUHON acid sodium, etc. are mentioned. 

[0038] Moreover, a buffer for pH is for preventing that pH falls greatly and a plating rate falls during plating. As 
this buffer for pH, ammonium salt, a borate, a carbonate, an organic-acid salt, etc. are mentioned. As 
concentration of a buffer for pH, although 0.01-1 mol/about 1 are common, a role of the above-mentioned 
complexing agent is also played. 

[0039] the general non-electrolytic nickel plating as a plated object in which plating processing by the 
nonelectrolytic plating bath of this invention is possible — the same — metallic materials, such as Fe, Cu, 
aluminum, Ti, and Si, aluminum 203, and Si02 etc. — it is applicable to wide range things, such as plastics, 
such as ceramics or polypropylene, and polyimide. 

[0040] When preparing the plating bath of this invention, it is desirable to use the chemical, distilled water, or 
deionized water of a high grade. It is cautious of the amount of Pb(s) intermingled especially in a chemical. 
[0041] There are the following approaches as an approach of adjusting the plating bath of this invention. 
[0042] First, nickel salt and a complexing agent are melted to pure water (A liquid). On the other hand, 
hypophosphorous acid or hypophosphite is melted to pure water (B liquid). Next, Pb compound and the sulfate 
of an additive are melted in either A liquid or B liquid. A liquid and B liquid — mixing — the need — 
responding — additives, such as a surfactant and a stress reducer, — further — adding — NaOH and NH3 
Alkali solutions, such as water, HC1, and H2 S04 etc. — it adjusts so that it may be set to pH predetermined 
from an acid. It is more desirable to mix A liquid and B liquid just before use, when long-term storage stability 
is considered. Moreover, lowering pH of the plating bath adjusted before use also has effectiveness in 
improvement in stability. 

[0043] Hereafter, the example of this invention is explained. 
[0044] (Example) 

After performing zinc permutation processing etc. with alkali etching on the example 1 aluminum-containing- 
alloy plate (JISA1050) and performing pretreatment suitable for performing non-electrolyzed nickel alloy 
plating, lhr plating was performed in this sample at 95 degrees C using the plating bath concerning this 
example. 

[0045] It consists of a 0.08 mols [/l. ] nickel sulfate (NiS04), 0.3 mols [/I. ] sodium hypophosphite, a 0.08 mols 
[/l. ] apple acid, a lead nitrate (0.5 ppm as Pb), and a sulfate (various concentration of this sulfate was changed) 
shown in drawing 4 as a plating bath composition. Moreover, pH of a plating bath is NaOH and H2 S04. It used 
and adjusted to 4.6. 

[0046] The plating rate was calculated by having measured the thickness of the plating coat obtained by the 
plating bath concerning this example, and relation with the addition of a sulfate was investigated. The result is 
shown in drawing 4 . Moreover, the result of having investigated the Lynn content in a coat by EPMA analysis 
is shown in drawing 5 . 

[0047] In addition, a sulfate was not added for the comparison, but except it, when galvanized using the plating 
bath (example 1 of a comparison) of the same presentation as the above, as shown in drawing 4 and drawing 5 , 
it was plating rate 5.8 micrometer/hr and Lynn content 11.3wt%. 

[0048] Rather than the plating bath of the example of a comparison, it is 1.5 to 2.5 times the plating rate of 



this, and, as for each plating bath of this example, the Lynn content also increased so that more clearly than 
drawing 4 and drawing 5 . And neither a deposit of the plating coat to an organ bath nor decomposition within 
bath liquid took place, but was a stable plating bath. 

[0049] Moreover, when a lead nitrate was not added but it galvanized as an example 2 of a comparison using 
the plating bath of the same presentation as the above except it, using a 0.24 mols [/l. ] sodium sulfate as a 
sulfate, it was not able to galvanize by decomposing a plating bath within several minutes. 
[0050] It is PdC12 thin as pretreatment on an example 2Cu plate, lhr plating was performed in the sample which 
carried out the permutation deposit of the Pd with the solution at 95 degrees C using the plating bath 
concerning this example. 

[0051] It consists of a 0.08 mols [/l. ] nickel chloride, 0.3 mols [/l. ] sodium hypophosphite, lead acetate (0.5 
ppm as Pb), a 0.4 mols [/l. ] sodium sulfate, and an apple acid to which various concentration was changed as a 
plating bath composition. Moreover, pH of a plating bath is NaOH and H2 S04. It used and adjusted to 4.6. 
[0052] The relation between the plating rate at the time of using the plating bath of above-mentioned this 
example and the concentration of an apple acid is shown in drawing 6 . Moreover, the Lynn content is shown in 
drawing 7 . 

[0053] In addition, for a comparison, a sodium sulfate is not added by the above-mentioned bath presentation, 
but the result at the time of galvanizing using the same plating bath (example 3 of a comparison) as the above- 
mentioned bath presentation is shown in drawing 6 and drawing 7 except it. 

[0054] The plating bath of this example is understood that a plating rate is high compared with the thing of the 
example of a comparison, and the Lynn content is also high so that more clearly than drawing 6 and drawing 7 . 
Moreover, the plating bath of this example had the good stability under plating of lhr. 
[0055] After making Pd colloid adsorb with a conventional method on an example 3-21 glass epoxy group 
plate and being activated, lhr plating was performed in this sample at 95 degrees C using the plating bath 
concerning this example. 

[0056] It consists of a sulfate shown in NiS04 0.08 mol/1., 0.3 mols [/l. ] sodium hypophosphite, lead acetate 
(0.5 ppm as Pb) and Table 1, and Table 2 as a plating bath composition (examples 3-21). Moreover, pH of a 
plating bath is NaOH and H2 S04. It used and adjusted to 4.6. 

[0057] Moreover, for the comparison, a sulfate was not added by the above-mentioned bath presentation, but 
except it, the acetic acid was used for the same plating bath and same complexing agent as the above- 
mentioned bath presentation as dicarboxylic acid as amber acids other than a malonic acid, a maleic acid, or 
monocarboxylic acid, and it galvanized using the above-mentioned bath and the same plating bath (examples 4- 
16 of a comparison) except it. 

[0058] The plating rate at the time of using the above-mentioned plating bath and the Lynn content in a plating 
coat were measured. The result is shown in Table 1 and Table 2. 
[0059] 
[Table 1] 
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[0060] 
[Table 2] 
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[0061] It turns out that the plating rate of the plating bath of this example is improving compared with the thing 
of the example of a comparison, and 11.5% of the weight or more of the high Lynn content is shown so that 
more clearly than Table 1 and Table 2. Moreover, the plating bath of this example was excellent also in bath 
stability. 

[0062] After having etched the alumina plate of 22 - 2596% purity of examples with the conventional method, 
making Pd colloid adsorb and performing activation further, lhr plating was performed in this sample at 95 
degrees C using the plating bath concerning this example. 

[0063] It consists of NiS04 0.08 mol/1., 0.3 mols [/l. ] sodium hypophosphite, a lead nitrate (0.5 ppm as Pb), 
and a complexing agent and a sulfate as shown in Table 3 as a plating bath composition (examples 22-25). 
Moreover, for the comparison, a sulfate was not added by the above-mentioned bath presentation, but it 
galvanized using the same plating bath (examples 17-20 of a comparison) as the above-mentioned bath 
presentation except it. 

[0064] The plating rate at the time of using the above-mentioned plating bath, the Lynn content in a plating 
coat, plating potential, and bath stability were measured and evaluated. The result is shown in Table 3. 
[0065] 
[Table 3] 
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[0066] Compared with the thing of the example of a comparison, the plating rate of the plating bath of this 
example improved, and plating potential shifted to dozens of number - mV **, and showed the catalyst 
effectiveness of a sulfate so that more clearly than Table 3. Moreover, the value also with the high Lynn 
content was shown. 

[0067] Using the plating bath which starts the sample of example 26 - 28 one side copper-clad epoxy glass 
laminate at this example, the aluminium wire was contacted, the reaction was started, pH was changed into 4-6, 
and lhr plating was performed at 95 degrees C. 

[0068] As a plating bath composition, it consists of 1. in any 0.12 mols /of NiS04 0.08 mol/L, a lead nitrate 
(0.5 ppm as Pb), LiS04 0.4 mol/1. and an apple acid, a malonic acid, and a citric acid (examples 26-28). 
[0069] Moreover, it is LiS04 by the above-mentioned bath presentation because of a comparison. It did not 
add but galvanized using the same plating bath (examples 21-23 of a comparison) as the above-mentioned bath 
presentation except it. 

[0070] The plating rate at the time of using the above-mentioned plating bath was measured. The result is 
shown in drawing 8 (apple acid addition bath), drawing 9 (malonic-acid addition bath), and drawing 10 (citric- 
acid addition bath). 

[0071] It turns out that the plating bath of a plating rate of this example is improving compared with the thing 
of the example of a comparison so that more clearly than drawing 8 - drawing 10 . 
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